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ABSTRACT 

The presence of trihalome thanes (THMs) in drinking water has attracted the attention of both 
researchers and professionals, because of the harmful effects of these substances on human health. Chlorine 
dioxide (CIO2) is an alternative to chlorine because it is an oxidizing agent rather than a chlorinating agent, and 
therefore, will not form chlorinated disinfection byproducts such as THMs under typical water treatment 
conditions. 

The study was conducted to determine the capability of CIO2 on the formation of THMs, and coliform 
bacteria. A small-scale pilot plant of a compact model is designed and constructed at Environmental 
Engineering Department laboratory (Babylon University). It is simple to operate and made of galvanized iron 
and locally available materials. 

Raw-water source is synthesized water preparation from tap water with average characteristics (pH 8.1, 
Turbidity 3.04 NTU, Alkalinity 150 mg/L as CaC03, Temperature 17.5°C). Tap water was first passed through a 
tank and predetermined the concentration of turbidity and total organic carbon. Turbidity and TOC adjustment 
of water were finally performed by addition of natural clay screened for 200 fim containing leaves and stems of 
plants and other organic carbon to change the amount of turbidity and TOC of water. Characterizing of 
synthesized water was done at the Environmental lab of Babylon University. These characteristics are turbidity 
27 NTU, alkalinity 140 mg/L as CaCOs, pH 8.22, temperature 28 °C, and total organic carbon 1.4 mg/L Total 
Trihalomethanes (TTHMs), and their compounds and varieties of water quality parameters were monitored in 
the pilot plant, by the addition of different doses of chlorine dioxide and alum to synthesized water pipe entering 
the pilot plant and monitoring THMs concentration. The synthesizedand finished water quality parameters 
included; Hydrogen ion concentration. Temperature, Turbidity, Total Trihalomethane concentration. 
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(HS - GC - ECD) with Gas chromatography analysis techniques were used to measure the THMs 
concentrations. It was noticed that TTHMs concentration increases as temperature, and turbidity increase, and 
average TTHM levels detected in all runes not exceed the USEPA's Stage I limit of 80 figfL while it exceeded 

the limits in stage II for all sampling measurements. 
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INTRODUCTION 

The formation of disinfection by-products (DBFs) caused by disinfection has become a main safety issue for 
the public health. Trihalomethanes (THMs) and haloacetic acids (HAAs) are two of the major classes in 
DBFs, (THMs) contains four species which are chloroform, dichlorobromomethane (DCBM), 
dibromochloromethane (DBCM), and bromoform; the sum of these four species is denoted as total THMs 
when analyzing for its concentration in disinfected water [2]. 

Chlorine dioxide is effective at inactivating waterborne pathogens, it does not react with organic material in 
water suppUes to form trihalomethanes; however, some halogenated by-products are created when chlorine 
dioxide is used as a disinfectant. 

THM formation is strongly dependent upon the chlorine concentration [6,10]. However, there is some 
disagreement regarding the quantitative relations between chlorine concentrations and the rate of THMs 
production, linear relationship between chlorine consumption and the production of THMs with a reaction order 
greater or equal to unity [6 ,14] Despite this, it is also possible that the reaction order might change during the 
course of the reaction [6]. 

The concentration of DBFs formed with free chlorine depends on the raw water content but generally 
free chlorine produces the largest quantities of DBFs when compared to other disinfectants. Numerous studies 
have been conducted in the past three decades on the harmful effects of DBFs in drinking water supplies. DBFs 
arecarcinogenic and can cause adverse pregnancy outcomes. In the 1970s, scientists discovered that free 
chlorine in water reacted with natural organic matter to form chlorinated by-products. 

Disinfection by-products (DBFs) in drinking water have been a majorsubject of study over the past 
30 years. The majority of these studies havefocused on the formation and control of DBFs, primarily 
trihalomethanes(THMs), in treatment plants. Disinfectionhas been widely known asa key step in the 
drinking water system to maintain the safe drinking water for allcustomers[16]. The formation of 
disinfection by-products (DBFs) caused by disinfection has become a main safety issue for the public health. 
Trihalomethanes (THMs) and haloacetic acids (HAAs) are two of the major classes in DBFs, (THMs) 
contains four species which are chloroform, dichlorobromomethane (DCBM), dibromochloromethane 
(DBCM), and bromoform; the sum of these four species is denoted as total THMs when analyzing for its 
concentration in disinfected water[15]. 
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The subsequent identification of THMs in chlorinated water supplies led to concerns over their potential health 
effects. These concerns include potential reproductive effects and the classification of chloroform, 
bromodichloromethane and certain other disinfection byproducts (DBFs) as carcinogens. The key to 
understanding why chlorine dioxide is so effective can be found in the differences in the reactions of chlorine 
dioxide and chlorine with THM precursors, such as humic and fulvic acids. Chlorine dioxide reacts primarily 
by oxidation; however, chlorine reacts by both oxidation and electrophilic substitution to yield volatile and 
nonvolatile chlorinated organic substances (THMs), [3]. Chlorine dioxide reacts with THM precursors to make 
them unreactive or unavailable for THM formation. 

Trihalomethanes are volatile substances defined as halogenated methanecompounds that form during 
chlorination of natural water.The four THMs(THM4) are chloroform (CF), bromodichloromethane 
(BDCM),dibromochloromethane (DBCM), and bromoform (BF).THMs can be formed from numerous organic 
compounds present in water,including some ketones (relatively slow THM precursors), aromatic 
compoundswith specific groups (e.g., resorcinol, which rapidly forms THMs), and humicand fulvic substances 
[17, 18, 19]. In general, THMs are the endproductsof the numerous reactions that may occur between chlorine 
and organicmaterials [20]. THMs formation depends on a variety of water quality anddisinfection factors 
including: 

• Concentration and chemical properties of the precursors 

• Water temperature 
•pH 

• Bromide ion concentration 

• Disinfectant type, dose, and residual 

• Contact time 

Accordingly, the concentration of DBFs depends on the chemical characteristics of the raw water, the 
treatmentprocesses at the plant, chemical types and doses employed at the plant, andresidence time in the 
various treatment units. 

Increased pH values lead to increases in THMs formation [13, 9] three-fold increases being reported in the 
reaction rate per unit of pH [6].The lower the pH, the higher nonionized HCIO form of hypochlorous acid is 
found, thus increasing its reaction rate with the humic matter. However, THM yields depend rather on the last 
step of the THM reaction pathway, which is base-catalyzed as with the haloform reaction [12]. 

EXPERIMENTAL WORK 

A small-scale pilot plant of a compact model is designed and constructed at Environmental 
Engineering Department lab (Babylon University) to produce potable water. The raw water is synthesized water. 

The pilot water treatment plant is simple to operate and made of galvanized plate of a components 
locally available mterials. The schematic layout and mode of operation of the compact pilot plant is shown in 
Fig. 1. 
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Figure (1) A (Schematic layout of Pilot plant used in tlie study), B (Top view for pilot plant 

Raw water (synthesized water) is prepared from tap water with characteristics shown in Table 1 . Raw water was 
first passed through a tank and predetermined the concentration of turbidity and total organic carbon. Turbidity 
and TOC adjustment of water was finally performed by the addition of natural clay screened for 200 |im 
contains leaves and stems of plant, and other organic carbon to change the amount of turbidity and TOC of 
water[8]. 



The raw water (synthesized water); was analyzed for the measurement of turbidity, pH, temperature, and total 
organic carbon; which was performed at the Environmental Directorate Lab of Babylon Province. Table 1 
shows the characteristics of this water. 
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Table 1. Average raw (Synthesized) water characteristics 



Parameter 


Value, (average) 


Temperature, (°C) 


28 


Turbidity, (NTU) 


27 


THMs (mg/L) 


CF 


0.02400 


BDCM 


0.05257 


DCBM 


0.0588 


BF 


0.01905 


TTHMs, (mg/L) 


0.1545 


pH 


8.22 


TOC. (mg/L) 


1.4 



Trihalomethanes (THMs) Concentration measured by Headspace electron capture detector method 
(HS-GC-ECD) Gas-liquidmethod with GC Gas chromatography/TOC lab/Ministry of Science &Technology 
/Environmental and Water Directorate/ Water Technology Center was used to measure Trihalomethanes. Gas- 
liquid extraction method was used to extract THMs into a nitrogen gas as the extraction solvent. The sample to 
be extracted was left aside for a period to take room temperature some vials appeared out of the cool box to get 
room temperature also before extraction. 

After that, the 40 mL vial was uncapped and poured 5mL of sample as waste, then 25 mL into 25mL- 
volumetric flask over the grade. The rest samples were discarded. 

The sample was then shake vigorously by hand for about 4 minutes and allowed to stand for 1 minute 
to facilitate phase separation, 1 .0 mL or more of the upper separated layer (the extraction of the THMs into the 
nitrogen) was transferred by pasture -pipette to a 2-mL glass vial and capped with teflon-lined septa and screw 
hole-caps. 1 |iL was drawn from 2-mL vial via particular micro syringe (equipped with the GC) and injected 
into the GC through special slot. Fig. 2 shows a photo of the GC in which, the THMs analysis for this study, 
have been carried out. 




Figure 2 :Gas chromatography for measure TTHMs. 
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The results showed that the THM formation decrease with increasing chlorine dioxide dose, 
concentrations of THMs that developed in water pretreated with 2 mg/L CIO2 were significantly lower when 
compared to those in water pretreated with the other dose of CIO2. It is observed that higher THM level at CIO2 
dose of 0.2 mg/L and then tends to decrease slightly with increasing CIO2 dose. Increasing CIO2 doses has been 
shown to have the opposite effect as in chlorine. This finding agrees with the results adapted by [4]. 
Also the results showed that with increasing the dose of CIO2 from 1.0 to 2.0 mg/L leads to more reduction in 
THMs concentration with increasing of about 24 percent agree with the results adapted by [4,5], They found that 
increasing the doses of CIO2 leads to increase the reduction in THM formation and approximately 20.74% 
percent reduction in THM concentrations when 1 .0 to 2 mg/L of CIO2 was applied. 

Fig. 3 represents the percent reduction in TTHMs concentration of filtered water after preoxidation 
with CIO2. The Figure shows that the removal efficiency increases with increasing chlorine dioxide dose, a 
similar result found by [5] they concluded that the removal efficiency of THMs from water increase by 
increasing chlorine dioxide dose. Figure 3 shows that the THMs removal efficiency is highly dependent on 
chlorine dioxide dosage. It is evident that at higher dosages (more than 1.5 mg/L), the CIO2 started to achieve 
higher removal percentages of THMs. This can be attributed to the fact that the chlorine dioxide has a high 
capacity to remove THMs. 
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Figure 3: The percent reductions in tlie TTHMs concentrations after CIO2 dose 

Fig.4 presents a comparison of total THMs measurements with the Us Env. Prot. Agency Stage I, and 
stage II limits. None of the THM levels exceeded stage I limit (80 Hg/L), while, the stage II limit (40 lig/L) was 
exceeded in all sampling measurements. 
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Figure 4: Maximum THMs levels detected in the study 

Fig. 5 shows the variation of four THMs compound with CIO2 dose. As shown the dominant TTHMs 
species during all runs is DBCM, .It decreased slightly with increasing CIO2 dose, the remaining THMs are 
bromodichloromethan 33.34% which slightly to decreased with increasing C102dose. 
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Figure 5: Relative amounts of THMs compounds with CIO2 dose 



Fig. (6), to (9) show the relation between chlorine dioxide dosing and percent reduction of two 
compounds (chloroform, and bromodichloromethane). Thus, we conclude that BDCM concentration is 
proportional with CIO2 dose in the form (Y= 8.846X+46.408) at the range of dose between (0.2-2) mg/L with 
coefficient of determination (R~=0.9122) as shown in Fig. (7). 
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Figure 6: Percent reduction in CF witli tlie CIO2 dose 
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Figure 7: Percent reduction in BDCM witli tlie ClOidose 

The correlation is positive between dibromochloromethane percent reduction and chlorine dioxide dose 
(decrease in DBCM concentrations with increasing chlorine dioxide dose). Thus, one can conclude that DBCM 
concentration is proportional with CIO2 dose in the form (Y= 8.298x+44.76) with coefficient of determination 
(R^=0.752) see Figure 8. 



While positive correlations between bromoform percent reduction and chlorine dioxide dose (slightly 
decrease in BF concentrations with increasing chlorine dioxide dose). Thus, we conclude that bromoform 
concentration is proportional with CIO2 dose in the form (Y= 4.927X+49.65) with weak coefficient of 
determination (R^=0.28) as shown in Fig. 9. 
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Figure 8: Percent reduction in DBCM witli tlie CIO2 dose 
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Figure 9: Percent reduction in BF witli tlie CIO2 dose 

In general, all results indicate that the treated water contains mainly the brominate THM species 
(DBCM and BDCM). The average weight fraction of chloroform (CF) compound ranged from 7.16% to 
21.46%, while the average weight fraction of the rest brominated (DBCM, and BDCM) species ranged from 
about 34.97% to 43.8%, 30.67% to 34.54% respectively as shown in Figure 10. Nearly the same pattern was 
pointed out by [7]. 
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Figure 10: Weight fraction of individual THM4 to total THM4 
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EFFECT OF TURBIDITY ON TTHMs FORMATION 

Turbidity of filtered water ranges between (4 to 7.36) NTU. Results show that the TTHMs 
concentration increases significantly with the increasing turbidity. So, conclude that the THMs concentration is 
proportional with turbidity. 

Fig. 1 1 shows the variation of four THMs compound with turbidity. As show the result of CF, BDCM, 
BF, and DBCM variation began slightly to decrease with increasing turbidity. 




EFFECT OF pH ON TTHMs FORMATION 

Fig. 12 shows the variation of TTHMs with pH in all runs. It has been found that the degree of inactivation 
by chlorine dioxide increases as pH increases leads to increases of THMs formation. This finding agrees with 
the results adapted by [1]. 
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Figure 12: The variation of pH with TTHMs 
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EFFECT OF TEMPERATURE ON THMs FORMATION 

The temperatures ranged in all runs throughout the study period between (24-30) °C. The variation of 
temperature with THMs is shown in Figure 13. The results show a slight variation in TTHMs with temperature, 
but it is very recognized that TTHMs increase as temperature increases, in the form (Y=0.0032X-0.0154) with 
coefficient of determination (R^=0.823), because the disinfection efficiency of chlorine dioxide decreases as 
temperature decreases. This finding agrees with the results adapted by [11]. 
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Figure 13: The variation of temperature witli TTHMs 




CONCLOSION 

1- Chlorine dioxide showed a good potential as an alternative disinfectant and oxidant produced lower THMs 
concentrations but only at doses higher than (1 mg/L). The optimal dose of C102 produced high percent 
reduction of THM formation (64.33 %) is (2) mg/L. 

2- The results showed that the THM formation decrease with increasing chlorine dioxide dose, concentrations of 
THMs that developed in water pretreated with 2 mg/L C102 were significantly lower when compared to those in 
water pretreated with the other dose of C102. 

3- The relation between pH and THMs formation is in the form (Y=0.018X+0.071) with coefficient of 
determination equal to (0.973), and found that the degree of inactivation by chlorine dioxide increases as pH 
increases. 

4- The results show slight variation in TTHMs with temperature, in the form (Y=0.0032X-0.0154) with 
coefficient of determination (R^=0.823). 

5- Comparison of total THMs measurements with the USEPA Stage I and stage II limits. Shows that none of the 
THM levels exceeded the stage I limit, while exceeded the stage II limit in all sampling measurements. 

6- Dominant TTHMs species during all runs is DCBM, it consists (39.2%) of trihalomethanes. 
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